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PREFACE

This Report of Investigations is based in part on a report of studies
of the Centralia mine fire prepared under Interagency Agreement J5101026
(December 31, 1979) between the U.S. Department of the Interior Office
of Surface Mining (0SM) and the Bureau of Mines. Numerous copies of the
original Bureau report, "Problems in the Control of the Centralia Mine
Fire" (dated August 15, 1980), have been distributed locally by O0SM to
the citizens of Centralia and other interested parties.

The Bureau of Mines, in developing the original report to OSM, under—
took an examination of a large amount of data dealing with anthracite
mine fires and their control, in general, From these studies and an
evaluation of the available information on the Centralia mine fire, a
number of specific control methods for Centralia were evaluated in de-
tail, technically and economically. Because the Bureau believes that
the methodologies developed 1in this work constitute an advancement in
the state—of-the—art of mine fire evaluation, and can have general ap-
plication to other abandoned coal mine fires, this report has been writ=—
ten to provide an archival record of the work.

It shall be noted that three vyears has passed since the original Bu-
reau report to OSM, and the Centralia mine fire is likewise three years
older. Hence the conclusions in this report as applied specifically to
Centralia must be reexamined in light of more current information on the
fire.



iid

CONTENTS
Page

Prefaceeei: siassssne soeonssm ansossdn oo sssen o o veseseseessessennssssss o eie o w e e e e
ADStraAcCteeeesconsccssscsoscssssssonsssssnesssssosonsssssasssesosssssoossssasssosse
IntroductiONececesssoossssocssssoscssssessonsssosssscascsasascoasosossssnsssssssss
AcknowledgmentSeeeoscacecooscscssosscsssssccssnssassscsacsssossssssscssnsssssosss
Geology of Pennsylvania anthracite@,..eeccececcsssnsasscsossscsossscscssscssscssossas
Observations on anthracite mine fires and their control..cecececsccscecccssssacssns
Basic methods to control fires in abandoned coal MiNEScecescccocssorosscss
EXcavationN,eeeseesesecsccsscssssssesssssssssssssoscssccsssccccsssssscssss
Inundationeenecensaaccecas T yrmmmmmmnImnm I
Flushinge.eeeeoseessseoscccscssscssscsssssssscsasossoscscsssossssssonssnsss

Fire bDAITi€rSsasessasassnssssnaseonnsnssssssstnsnsssenssaonnennnssnns

Surface Sealingucesssessosoocavsiossianestssssessssnisssseesesssssssssie

Factors affecting the behavior of anthracite mine fireSe.cesececceccccaccsns
GEOlOZY eeenenececacssnsscsesscscosscsoescsosssssssosasansascssnssaoncsnscs

Previous miningeeecoecsesecseccessosesnesasscsssasacscssncssscsasnsssnsose
Characteristics of anthracite@.ceececccceccccccssssssossssscsessccscsnsnse
Assessment of fire control efforts in the Anthracite Regioniseceecscescsses
Effects of anthracite mine fireS..ceccecssccccsonccccccsnsscsssnnsssosssossscss
ConelusionNScessens csossenovoerossinisssasossnosoesssns s ossssesesnsnssesnessnss

The Centralia mine fir€eeeeeccscoscccsannas R o Y T P T I AR I )
Brief history of mining in the tOWn...eoceceeececcceccscsscnscsssssascssosss
History of fire control effortS.ceececcssacececassecstsenccecnvessoscscsoses
Factors affecting propagationN.cecccessccosssosaccscccccsosssssossssscccssns
Extent of the flreiciiiecessssossvt s oo s esedso 0 ss s09e%e oo e s o860 ooesisiesesia
Effects of the fire..eeeceococcscssesccosossosossssssosssssosssscsnsssnsnceacan
Options for fire control at Centralil.eceececcesssosscsscccssosscsacsssssossssossscsssos
Excavation OpLioNS,caececscecessscsssancsssssssossssvssuvcccsesacsccccsannascssssss
Total excavation of the fire area (pPlan A)ceeeececcocescesossacsnnses

Partial excavation with isolation trench (plan B)..eeeeceescssssscsss
Combination cutoff and isolation trench (plan C)leseecscoccescsanssonse

Partial excavation with cutoff and isolation trench (plan D).escecvas

Summary.oll.I.ll.l......l.l.....l...lllll.I........0.0.0..0....'!0..!

—
OWL WY NITULTULTIWRNDN -

MU USRS, RWNNDNDRN — —
NP NOPTPWWHRSN P~ = E=OmW

Flooding OptiONeecesssssssseesseccenscscnscecccscnsssscsssccsssescncssassescscssss
Hydraulic flusSh OpLiONisesecencccecnceccenoscessossssoscsssossoscssossscsoossconnss
Other OpLiONS.eeecssssoascseacasaccscecocssscssscacssasosososacssscssoccccsonsosnns
Water curtain isolation methodeccseecececccascscscsossosassossosssnsssnansces
Underground mining for barrier conStructioNeceecsesscscccssssssscscccsonsss
Burnout CONEIrOl.cscacessssscsoesosososssosscscssscansanstastasanansansnnnss
Relocation of commMUNIiti@S.esecescecosceccssacsccssnssssanaccssacvsassnassccs
Evaluation of fire control OpLiONSeescescsccscescssssoncansasssascacassoscssnss
Technical facCtOrSeiecesescessonnaccsssoscosososssnsccncncssacnsacccssssasasssae
Socloeconomic facCtOrSeeesaccoscoossssscsssnsacacacsceassssancsssasossccsssans

NN ~N~NONONOONOY N
NMNNOOWOYWWLM WO

SUmmary...--ooooooooooooooooooooooooooooo-o-o-----.--.---n--ooooooooooooo.ooooo

~l
w

ReferencesSeeeescescosssosssosssssssaosnnscccccccccoosnnnsssoesssosnsscscsesscscssssnsss
Appendix A.—-Assessment of the extent of an underground fire.essesceccscccocses
Appendix B.——Analysis of air sampleS.ccsscecccccsccsscescoccssscnsscssssscsscanscs
Appendix C.,-—Excavation plans, cost, and project WOrK.eeeesosescsessssscesscsss

O 00~
N O U



iv

ILLUSTRATIONS

Page
1. Location of four Pennsylvanla anthracite fieldS.eosseescooncesssssssosssosas 3
2. Generalized cross section of Western Middle Fieldicevoscsesoscsssocssaccns 4
3. Generalized stratigraphic section of the Western Middle Fieldie:seoscosses 5

4, Location of Centralia fire zone, Locust Mountain anticline and Centralia
baSiNecoscecossssesossssosaosososasnososossososssossssssssconsnsansansoosecs 6
5. Plot of anthracite oxidation rate vs. temperatuUr€cccsssscscssassssocssasanse 12

6. Postulated spread of combustion by hot gaseSiccessscccssscsssscsssossaosss 12
7. Aerial photograph of Centrali@ecscescesssssssscocssnscanseonssnassscncsssconse 22
8. Topographic map of Centralia area, Ashland Quadrangle..esesvescacsonssoess 23
9, Approximate location of origin of Centralia mine fire€.ccesscsssscsscssnscs 24
10. Location of stripping, flushing, and trenching projects by the Common-

wealth of Pennsylvania, 1962-63.c0scssevoescsassoscossansosscssassssosesnns 26
11. Location of backfilling and flushed barrier (phase 1), Federal-State

project, 1967 cccsvsccscosvcsossoscasosacsosoncsosancsocassscssnasnosasossoss 28
12. Location of excavation and western noncombustible barrier (phase II,

part 1), Federal-State project, 1969-70ccsvossosassoscoonsosnssonssnanse 29
13. Location of eastern noncombustible barrier {(phase II, part 2), Federal-

State project, 1970~73ccsenasonnnsennsoanssncosannvrasnosssannsoensnsosnnne 31
14, Composite of previous attempts to control Centralia mine firessscsosscsecss 33
15. Mine map of Buck Mountain Coalbed in Centralia ar€d:ccssscssssssosscccssss 34
16, Location of the natural barriers to propagation of Centralia mine fire.... 36
17. Underground temperature data indicating fire areas and "cold” zoneSeoessess 37
18. Surface map of elevated—temperature zones based on borehole temperature

data.'..............'.'...I...........l............I........-.l.-..I.Ill 38
19. Mine map of the Buck Mountain Coalbed in the area of the Centralia mine
fire, showing zones of elevated temperatur€cscosccccscsccsossosasssossanca 39

20, Computer-generated thermal contour map based on borehole temperature data

collected 196779 ceeccvcccnosonsooncsoasoncasncssoassoancennssnassoasssos 40
21, Topographic map of Centralidcscesoscsrcscosossssesssssssnscsscssasssoassnse 42
22, Base map with section lines for locating cross sectionS.cesescssosssscsocs 45
23. Proposed total excavation of Centralia mine fire, plan A.ceceovescossroncns 46
24, Cross sections through area of plan A.eveeseconossssossssssssssonssnonsnns 47
25. Proposed partial excavation with isolation trench, plan B..soessssssesssss 48
26. Cross sections through area of plan B.sesveovsssssososasssssssssosssosssssocs 49
27. Proposed combination cutoff and isolation trench, plan Ceesecesvvcsvnocssnne 50
28, Cross sections through area of plan Cocesoscosonsossscssoncssoscsnsncossse 51
29. Proposed excavation with cutoff and isolation trench, plan Dieeoscsssscsss 52
30, Cross sections through area of plan Decssesoscsvossscssoosacsssnosssesscocos 53
31. Proposed flooding option for Centralia mine fire with surface drainage

POINtSeecscsenssocssasssoasscscsosscsosssssnssonssssssosossssnnaseansosss 56
32, Mine map of area of proposed flooding of Centralia mine fire with water

flow and drainage pointScscecsossoscscosoosssasssocssnosoncssassonsnsassss 56
33. Map of mines with location of dams for proposed flooding of Centralia mine

fir€cccenssscscescoooocsassssasnasssosnooosssassnoosenscssossossosossasssso 57
34, Technical and envirommental problems associated with proposed flooding of

Centralia mine fir€cseosessooossoncsooosscnossossasossosessssssssacansaoss 58

35. Proposed hydraulic flushed barrier—excavation optioNsecsesccsesssssssosssss 59
36. Total hydraulic flushed barrier oOptiON.scesosssscsscscsscasoncsnsasonsnnsse 61
37. Location of proposed water curtain isolation barrier.ceescscconcsssscsncss 63
38. Spray nozzle and assembly for water curtain isolation barrier..cecescessces 64
39. Cross section through area of water curtain isolation barriercecesecccessse 64
40. Location of mined underground DArri€T.cesccoscosscosscosscsososnscssscsasosss 66



ILLUSTRATIONS=-~Continued
Page

41. Cross section of mined underground barri€r..sscccessscsssosscssscsssnsasss 67
42, Schematic diagram of proposed burnout control.ssseccsssssesssscscsssssocs 69
A—-l. Surface map of elevated-temperature zones based on borehole temperature
daAldcsosssecsosonsonossssnsososssonosnasssssassososaossnssosososssssonoansso 76
A-2., Mine map of the Buck Mountain Coalbed in the area of the Centralia mine
fire, showing elevated temperature ZONES.escesseosssssssssssosnssosssons 77
Location of boreholes used for underground temperature measuremenNtSessss 78
Computer—generated thermal contour map based on borehole temperature
data collected 1967-7%.c.cevccosccscrcsoscssosscsnsossssssenasenassnas 79
A-5, Computer—generated thermal contour map based on borehole temperature

data for 1967 .ceesecsccscsccsccosscsoscosocssssssosasessssscncansassas 81
A~6, Computer—generated thermal contour map based on borehole temperature

data fOr 1960..sesssessevsssnssonsonnanonsnensasnssonnnonssensnnnnnanss 82
A-7. Computer—-generated thermal contour map based on borehole temperature

data for 1979 .cceccessccsssnssccssscsssssssssssssssosssssscssssssscsss 83

A-8, Three—dimensional perspective of temperatures in study &8red@sccessocsesssoe 84
A—-9. Computer—generated contour map of CO concentrations based on borehole

measurements....'..'...'...'......'...........'....'..........'........ 85
A~10, Computer—-generated contour map of ventilation draft conditions based on
borehole observationSecsccscssoesscsscsassosssossscssossasscsossossssosase 86

A=-11., Sketch of sectional modelesccscossocscsscossossoccsssssacssscsascosacssse 87
A=-12. Sketch of three-dimensional structural modelesssevsccossoesosscssccavsoeses 88

TABLES

Summary of anthracite mine fire projects since 1950.eseucccocccvosccsccs 17
Effectiveness of anthracite mine fire projects since 1950ccscescscsscses 18
List of Centralia mine fire pProjectS.eevescsossossvosscocscocsssscssocns 26
o Time—frame, daily excavation, and yearly budget requirements for

plans A, B, C, 8nd Duicssoscseosoncosescosassasccscsnosssassacsossosnsses 44
5 Comparison of technical and financial data for excavation methodeescssss 44
6. Advantages and disadvantages of excavation OptionSceceve:vcessscesvezssns 54
7. Estimated unit costs for flush barrier.cecececcccecnsocscsosassoonnsssnsosas 61
8. Total estimated costs for flushed barrier optiONecsccssoscssscccssnoross 62
9. Capital cost of water curtain isolation barriereccssscssscssssossscssscs 65
10. Estimated operating costs of water curtain isolation barrier...ccecccccss 65

W N e
®

11, Total cost of water curtain OptiON.sssssescscsssssscsscsssscsscssosasmas 65
12, Advantages, disadvantages, and uncertainties of burnout control option.. 68
13. Categorized optionScescscsccscssoncssscsosessossosssoososessossonsssocosse 71
B-1. Laboratory analysis of air sanmples collected in surface areas of the
Centralia fire ZONE.:scessossssossscssssccsnsssscsssuossosnssosssanvnosoen 90

1. Breakdown of project work by type of excavation plancissscsscscsscsssscss 93
~2. Breakdown of costs by type of excavation plan.cussccssccscscssssscsscsos 93



cu yd
gal/min
HP

m

UNIT OF MEASURE ABBREVIATIONS USED IN THIS REPORT

cubic yard pm
gallon per minute pct
horsepower ppm
meter rpm
thousand sq mi
million vol pct

micrometer

percent

part per million
revolution per minute
square mile

volume percent




PROBLEMS IN THE CONTROL OF ANTHRACITE MINE FIRES: A CASE STUDY
OF THE CENTRALIA MINE FIRE (AUGUST 1980)

By Robert Fo Chaiken, ' Robert J, Brennan,? Bernice S. Heisey,® Ann G, Kim, 4
Wilbert T. Malenka,® and John T+ Schimmel 2

ABSTRACT

The Bureau of Mines has conducted a study of mine fires in the Anthra-
cite Region of Pennsylvania to determine the most effective epproaches
to fire control in this area. The problems involved in controlling an
anthracite fire include the geological and mining conditions in this
area, the propagation characteristics of anthracite, the fire control
methods available, the hazards associated with these fires, and the mar-
ginal effectiveness of past fire control projects. From this general
background, fire control options were discussed as they apply in 1¢80 to
the Centralia mine fire. Probable effectiveness, feasibility, and costs
were assessed. The options evaluated include four excavation plans,
flooding, hydraulic flushing, water curtain isolation, mining to con—
struct an underground barrier, burnout control, and relocation of the
community. The most advantageous from a technical viewpoint is an exca-—
vation method combining complete excavation of the fire zonme within the
borough with trenching to confine the remaining fire, It appears that
for many anthracite fires, as for the Centralia mine fire, there are no
available control measures that have a moderate cost, are proven effec-
tive, and produce minimal disruption on the surface,

1Supervisory research chemist, Pittsburgh Research Center, Bureau of Mines,
burgh, PA.

2Supervisory mining engineer, Office of Surface Mining, Wilkes-Barre, PA.

3Writer—editor, Pittsburgh Research Center, Bureau of Mines, Pittsburgh, PA.

4Chemist, Pittsburgh Research Center, Bureau of Mines, Pittsburgh, PA.

5Supervisory mining engineer, Office of Surface Mining, Schuylkill Haven, PA.
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INTRODUCTION

Past experience with anthracite wine fires often have individual characteris-
fires in northeastern Pennsylvania has tics, there are sufficient similarities
demonstrated that mine fires in this re- between fires to make the Centralia mine
gion are especially difficult and costly fire a useful case study of the problems
to control, In some cases, these fires involved in controlling anthracite mine
have outlasted repeated control efforts fires.
for more than a decade or recurred after
they were thought to be extinguished. As A fire in the Buck Mountain Coalbed

the area and intensity of a fire din~-
crease, so do the potential hazards to
the environment, property, and in partic—
ular, to the health and safety of nearby
inhabitants.

Fire control methods that have been
applied successfully in bituminous coal-
fields are less effective in the Anthra-
cite Region because of the steeply pitch-
ing, sharply folded, and broken nature of
the coal-bearing strata and the exten—
sive, abandoned wmined-out areas under-
ground. A 1977 Bureau study of 16 of the
26 coal-producing States records 12 cur-
rent fires 1in abandoned mines and in-
active c¢oal deposits in the Anthracite
Region (8).6 Although this figure repre-
sents less than 5 pct of the total, it is
a sizable number in an area containing
just 484 sq wi of workable coal. Con-
sidering the population density of the
area and the difficulty experienced in
past fire control efforts, these fires
are an especlally serilous concern.

In order to understand the specific
problems involved in handling a mine fire
in the Anthracite Region, it is useful to
examine a specific case 1in some depth,
In 1980 the Bureau conducted a detalled
study of the Centralia mine fire for the

near Centralia Borough, Columbia County,
PA, was discovered in May 1962, After 21
years and the expenditure of more than $3
million, the fire in the abandoned un-
derground workings is not yet under con-
trol. It currently affects a surface
area of about 140 acres and is a hazard
to nearly one-third of Centralia Borough
and an immediate hazard to the nearby
village of Byrmnsville.

This report includes a discussion of
the geology of the Anthracite Region, the
factors affecting the propagation of
anthracite mine fires, and the methods
available for their control in general,
and as they apply to the unsuccessful
fire control efforts at Centralia. In-
formation on past fires and the fire
control methods employed are examined in
an attempt to establish both hazard and
effectiveness criteria that can be ap-
plied to anthracite mine fires in general
as derived from a study of the mine fire
problem at Centralia. While wvarious
options for controlling the fire are also
discussed 1in terms of impact on the
comminity, effectiveness, and costs, this

report shows that for many anthracite
fires, there are no currently available
control measures that have a moder~-

ate cost, are proven effective , and pro~

Office of Surface Mining, as a basis for duce minimal disruption to people and
renewed fire control efforts, While mine property.
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GEOLOGY OF PENNSYLVANIA ANTHRACITE

Anthracite underlies about 484 sq wmi of
northeastern Pennsylvania in 10 counties:

Carbon, Columbia, Dauphin, Lackawanna,
Lebanon, Luzerne, Northumberland, Schuyl-
kill, Susquehanna, and Wayne (7). The

region is divided into four separate, but
contiguous fields (the Northern, Eastern

Middle, Western Middle, and Southern),
which trend along the northeast-southwest
alignment of the ridge and valley prov—
ince of the Appalachians (fig. 1). Each
field 1lies within one or more deep,
steep—sided synclinal basins rimmed by
ridges.
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FIGURE 1. - Location of four Pennsylvania anthracite fields.



Coal was deposited here in flat-lying
beds during the Pennsylvanian period,
contemporaneously with the bituminous
coal of Appalachia. This eastern part of
the Appalachian Basin later was folded
during the mountain-building periods of
the Permian age, resulting in the ridge
and valley topography (5). Later periods
of erosion destroyed all coal measures in
eastern Pennsylvania except for those
preserved within the deep synclinal
folds; thus., the coalfields generally oc-
cur in the center of synclinoria or com-
posite fold systems. As a general rule,
the dips in the Northern Field are more
gentle and wuniform than those in the
other fields, and moving southwest to the
Western Middle Field and the Southern
Field, the basins are deeper with steeply
dipping sides (23). The coalbeds lie in
synclinal troughs, which are relatively

flat at the center and moderately to
steeply pitching along the limbs. The
dip of the beds ranges from 0° to 90°,

and in some places the beds are inverted
as a result of intense folding during the
Appalachian orogeny. Further evidence of
the pressure and heat of this tectonic
activity is the conversion of the coal to
the higher rank anthracite.

The anthracite-bearing rocks are of
Pennsylvanian age and consist of conglom-
erate, sandstone, siltstone, claystone,
shale, and coal. Strata are highly fold-
ed and faulted, and the anthracite occurs
as discontinuous, multiple beds separated
by varying thicknesses of rock strata
(fig. 2). The depth of the lowest bed is

1,700 feet. The coal-bearing rocks are
divided into the Pottsville and Llewellyn
Formations (fig. 3). The Pottsville For-
mation, occurring between the Mauch Chunk
and Llewellyn Formations, may contain as
many as 11 coalbeds of wvariable thick-—
ness. The Llewellyn Formation, occurring
between the Pottsville and the erosional
surface, may contain eight persistent
coalbeds.

The Centralia mine fire is located in
the Western Middle Field, which covers
94 sq mi, in Northumberland, Columbia,
and Schuylkill Counties. There are six
major basins in the Western Middle Field:
the Mahanoy, Shenandoah, Centralia,
Shamokin, Coal Run, and Mount Carmel.
The fire is located in the Centralia ba-

sin along the north and south limbs of
the Locust Mountain anticline (fig. 4).
Although the Dbasins are separated by

anticlines and faults, they are often in-
terconnected by mine workings. In the
Western Middle Field, the lowest coals
are the five Lykens Valley Coalbeds of
the Pottsville Formation; only one of
these is. persistent throughout the field.
At the base of the Llewellyn Formation is
the Buck Mountain Coalbed. It may be
divided into two splits separated by as
much as 80 feet of rock, In the Western
Middle Field, the Buck Mountain averages
6-1/2 feet of coal. The Seven Foot Coal-
bed occurs 30 to 100 feet above the Buck

Mountain. The Skidmore Coalbed is 4 to 6
feet thick and occurs 50 to 150 feet
above the Seven Foot Coalbed. The Mam—

moth coal zone is 200 to 300 feet above

Western middle field near Shenandoah
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FIGURE 2. - Generalized cross section of Western Middle Field.



the Buck Mountain, It generally consists
of Bottom and Top Splits, although it may
vary from a single thick coalbed to a
150-foot zone containing as many as four
splits., The Holmes, Primrose, Orchard,
Diamond, Tracy, Peach Mountain, and

areas of
the strata
been removed
the Centralia

Tunnel Coalbeds occur in some
the Western Middle Field, but
containing these coals have
by erosion at the site of
fire.

OBSERVATIONS ON ANTHRACITE MINE FIRES AND THEIR CONTROL

Western Middle Field
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FIGURE 3, - Generalized stratigraphic section of
the Western Middle Fields All coalbeds above the

Mammoth have been eroded in the Centralia area.

During the course of the Bureau's as-
sessment of the Centralia mine fire prob—
lem, the history of mine fires 1in the
Anthracite Region and their control was
reviewed 1in some detail. Although no
two mine fires should be considered iden-
tical, some general observations can be
made that are pertinent to the problems
at Centralia. Mine fire behavior pat-
terns were discussed in a 1938 publica-
tion by McElroy (13); although that study
dealt with fires in active mines, many of
the observations can also be applied to
recent fire control projects 1n abandoned
mines, including Centralia.

In addition to the comprehensive study
by McElroy, which covered the years 1850
to 1936, recent fire control projects
were reviewed as well as current assess—
ments of borehole data on the Centralia
fire, and field and laboratory data re-
lated to spontaneous combustion of coal.

In this section, fire control methods
and the general behavior of major anthra-
cite mine fires are reviewed and assessed
in terms of the effectiveness of control
techniques. From these observations, a
picture of fire propagation is postulated
that provides a logical basis for discus-
sion of various fire control options, as
developed for the Centralia fire.

BASIC METHODS TO CONTROL FIRES
IN ABANDONED COAL MINES

There 1s no one method used to con-
trol or extinguish all underground mine
fires. The characteristics of each fire
determine which method or combination
of methods has the greatest probability
of success., The methods currently used
to control or extinguish anthracite mine
fires are essentially those described by
McElroy (13) in 1938 and expanded upon by
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FIGURE 4. - Location of Centralia fire zone, Locust Mountain anticline and Centralia basin.

Griffith (é) in 1960 and Magnuson (12)
in 1974. These include loading out (or
excavation), inundation, installation

of fire barriers, flushing, and surface

sealing.

Other methods such as the use of inert
gases, steam, and liquid chemicals have
been proposed and/or attempted; however,
these methods have not been given serious
consideration because of costs and tech-
nical problems.

A fire requires fuel, oxygen, and heat.
Removing fuel, eliminating oxygen, or
cooling below the ignition temperature of
the fuel will extinguish a fire. The ex-
tinguishment or control method used de-
pends upon which has the greatest proba-
bility of success and on factors limiting
its application, Each fire 1is unique,
and circumstances that must be considered
include the extent of fire either below
the surface or along an outcrop, the

the proximity
geological and
(including the

threat to the environment,
to built-up areas, the
topographical conditions
pitch, the number, and the thickness of
coalbeds), the extent of mining, and the
type of overburden. Other nontechnical
factors, such as participation of local
governments, the effect on the health and
well-being of residents, and releases or
condemnation proceedings to acquire prop-
erties, must also be considered 1in se-
lecting the control method(s).

The following is a brief description of
the basic methods that have been employed
separately or in combination in mine fire
extinguishment and/or control projects.

Excavation
The excavation (loading out, digging
out, or stripping) method 1is a direct

control effort that is generally feasible
if it 1is started soon after a fire is



discovered, Loading-out involves phys—
ically removing the burning material and
quenching it to extinguish the fire, The
location of the fire will generally de-—
termine if it is economically feasible,
and the extent of the fire will determine
if excavation will be able to safely stay
ahead of the fire. Factors to be consid-
ered in the loading-out method are (1)
availability of a disposal site for exca-
vated material, (2) the nature of over-
burden, (3) a sufficient supply of water,
and (4) the presence of surface improve—
ments, In this method, the recovery of
coal may reduce the total cost.

Inundation

Inundation methods involve the under-
ground use of water to lower the tempera-
ture of the burning material, Flooding
and continuous pumping are two techniques
for inundation,

In flooding, dams are constructed un-—
derground to raise the normal water level
above that of the burning material, This
method has had very limited use. Flood-
ing has been effective only with rela-
tively small fires in sections of active
mines that were below the water table,
However, it is dangerous, costly, and, at
times, impossible to erect dams in in-
accessible areas or where strata are not
competent to withstand the additional
hydrostatic pressure, Geological and
physical conditions often make the em—
placement of an effective dam unlikely,
Confining water for complete inundation
is almost impossible near outcrops or
along anticlines, The practical diffi-
culties in confining water in a safe man-
ner have limited the use of this method
of mine fire control,

Another inundation method is the con-
tinuous pumping of water over and through
the burning material. Although this
method has the advantage of being applied
from a surface location, it has not been
attempted on a large scale, In general,
the volume of water required, the cost of
the high—-capacity pumps needed, and the
length of time pumping would have to
be continued have limited consideration
of this method. The primary technical

the possibil
in channels

drawback to this method is
ity that the water will run

and not cool the entire fire zone. If
the water bypasses some of the burning
material, there is a possibility that

isolated hot areas will remain and even-
tually reignite the fire after pumping is
stopped.

Flushing

Flushing is designed to fill the voids
in an underground fire with fine noncom-
bustible solids. This is accomplished by
injecting a slurry of water and noncom-
bustible material into the mine voids
through boreholes., The noncombustible
material is expected to fill mine voids
and interstices in the surrounding
strata, and thereby extinguish or limit
the propagation of the fire by sealing
the area and preventing air from reaching
the burning coal. In addition to carry-
ing the noncombustible material, the
water also serves to remove heat from the
fire area.

Flushing can be effective where deposi-
tion can be controlled, where voids have
a relatively simple geometry, and where
the injected material will remain in
place. However, 1n flushing, an adequate
seal 1s often difficult to achieve., Fre-
quently, interstices and crevices of
relaxed strata are not filled. It is
difficult to emplace a complete seal in
rubblized areas and in steeply pitching
seams; the natural tendency of flushing
is to carry material downdip to some
indeterminable point. Even if a complete
seal 1s emplaced originally, gravity may
eventually cause the material to settle
or slump, and drying may cause the mate-
rial to shrink and crack. A recent adap-
tation to flushing hydraulically is the
use of air to inject or blow noncombus-
tibles into mine voids (sometimes re-—
ferred to as pneumatic injection). This
technique will generally decrease the
amount of shrinkage and runoff of noncom-
bustibles in the voids, but suffers the
disadvantage of adding oxygen to the
underground fire zones. The latter dis-
advantage could be eliminated by using
inert gas rather than air in the injec-
tion process.



Fire Barriers

A fire barrier is a noncombustible dam

placed between the fire and the contig-
uous coal. The barrier breaks the con-
tinuity of all coal and carbonaceous

shales and must be wide enough to prevent
heat transfer from the fire side to the
cold side. The barrier used to isolate a
fire can be a trench barrier, tunnel bar-
rier, or plug barrier.

A trench barrier is installed by exca—-
vating an open trench between the fire
area and the threatened area. To confine
the fire, the trench extends vertically
from the surface to the bottom of the
coalbed, and horizontally from outcrop to
outcrop or to water level, A minimum
width of 12 feet at the bottom of the
trench has been considered essential (6).
Even though the trench is backfilled with
noncombustible material, the extent of
surface disruption is a serious factor in

the feasibility of a trench. Also, the
location of the trench must be such that
all of the fire is contained on one side

of it.

A tunnel barrier is an underground tun—
nel backfilled with noncombustible mate~—
rial. It is wusually used to extend a
fire barrier when the depth is too great
to excavate from the surface. Generally,
the tunnel 1is Dbackfilled with coarse
material; then holes are drilled from the
surface, and finely divided material is
injected to fill all voids and inter-
stices to create a barrier.

A plug barrier may be a trench, tunnel,
or a combination of both. It is referred
to as a plug because it does not extend
to the opposite outcrop. With horizon-
tal coal seams (e.g., Pittsburgh bitumi-

nous), a plug barrler generally termi-
nates under more than 60 feet of cover,
in flooded workings, or in solid coal.

The criterion of 60 feet of cover is in-
tended to prevent the burning bed from
fracturing shallow strata, permitting air
to reach the fire. However, under some
circumstances even this depth may not be
adequate.

Surface Sealing

Surface sealing is a relatively inex~
pensive method of mine fire control that
is intended to inhibit ventilation of the
fire =zone, excluding air and smothering
the fire by the accumulation of combus-—
tion gases. In practice, this is quite

difficult. The seal of noncombustible
material must be packed 8 to 10 feet
thick over the fire area. It must be

maintained at this thickness over a peri-
od of time sufficient for the slow dissi-
pation of heat, If a good seal is main-
tained over a sufficient period of time,
the fire 1s smothered in an oxygen—
deficient atmosphere and the temperature
is lowered below ignition temperature.
This method 1s generally wused on fires
under shallow cover where a quick and in-
expensive remedial action is desired.
Two methods have been used to construct a
surface seal: One creates a seal by
plowing the surface to a pulverized con-
dition, and the other creates a seal by
depositing suitable material on the sur-
face over the fire.

To date, in small sections of active
mines, inundation and stripping or dig-
ging out have been the most success-
ful methods of extinguishing underground
fires. Flushing and sealing are used to
retard or control the spread of a fire.
0f the methods used to control under-
ground mine fires, only excavation has
been successful in more than 50 pct of
the projects in which it was used. In
addition to the technical limitations in—
herent in the various fire control meth-
ods, economics must be considered a major

factor in determining the success of a
fire control project. In some cases, a
fire control project may have been suc-

cessful if pursued to completion rather
than terminated when allotted funds were
expended.

FACTORS AFFECTING THE BEHAVIOR
OF ANTHRACITE MINE FIRES

Fires in the Anthracite Region have
been greatly affected by the geological
structure of the area, the past mining,



nature of the coal itself, The
conditions in this region of
the country have made fire control much
more difficult than is the general rule
in bituminous coal-mining areas.

and the
particular

Geology

affect the
anthracite mine fires
pitch of the beds, the
the stratigraphic

the over-—
geological
an anthra-

Geologic factors that
propagation of
are the dip or
number of coalbeds in
section, and the competency of
lying rocks., An important
factor 1in both the spread of
cite mine fire and the difficulty of ex-
tinguishing it is the steep pitch of the
coalbeds (40° to 80° pitch). 1In control-
ling a fire in an essentially flat-lying
coalbed, noncombustible material can be
pumped into mine voids to form a barrier,
sealing off the fire area. Because of
the steep pitch of the anthracite beds,
this technique 1is generally ineffective
since anything pumped into the coalbed
from the surface flows downdip, requiring
indeterminable quantities to provide a
seal,

The pitch of the bed plays an important
role in ventilation of fire areas, per-
haps the most important factor in the
propagation of fires, On steep pitches,
differences in tempera